Newinhibitors of Ca2+ and calmodulin-dependent cyclic-nucleotide phosphodiesterase, KS-501 and KS-502 were isolated from a fungus, Sporothrix sp. KAC-1985. Inhibitory concentration causing 50 % inhibition (IC50) values of KS-501 and KS-502 for bovine brain enzyme were 1.8 and 4.3 jmm, respectively. The compounds exhibited no or weak inhibition for calmodulin-independent cyclic-nucleotide phosphodiesterases and protein kinase C.
calmodulin-dependent cyclic-nucleotide phosphodiesterase (CaM-PDE)4 >5). During the course of our screening work to obtain CaMinhibitors from microorganisms, we found that two novel metabolites of Sporothrix sp. KAC-1985 inhibited CaM-PDE. The compounds, designated as KS-501 and KS-5026~8), were isolated from the cultured broth, and their structures were determined to be 1 and 2, respectively ( Fig. 1) . In this article, we describe production, isolation and some biological properties of KS-501 and KS-502. Structural elucidation studies will be reported in a separate paper.
Materials and Methods

Fermentation
A 50-ml culture tube containing 10 ml of a seed medium composed of glucose 1.0%, peptone 0.5 %, dry yeast (Ebios, Asahi Brewery) 0.5 %, vegetable juice 20%, and CaCO3 0.3 % (pH 6.0 before sterilization) was inoculated with the mycelia of the organism grown on an agar slant. The composition of the agar slant medium was as follows : Glucose 0.1 %, KH2PO40.1 %, MgSO4-7H2O 0.02%, KC1 0.02%, NaNO3 0.2%, yeast extract 0.02%, and agar 1.5% (pH 6.5 before sterilization). The inoculated tube was incubated for 7 days on a reciprocating shaker (300 rpm) at 25°C. A 4.5-ml of the culture was transferred into a 300-ml Erlenmeyer flask containing 45 ml of the seed mediumand the flask was incubated for 53 hours on a rotary shaker (200 rpm) at 25°C. Forty five ml of the second culture was further transferred into a 2-liter Erlenmeyer flask containing 450 ml of the seed medium and the flask was incubated for 22 hours on a rotary shaker (200 rpm) at 25°C. Four flasks of the third culture were transferred to a 30-liter jar fermenter containing 18 liters of fermentation medium composed of glucose 1.0%, peptone 0.5%, Ebios 0.5%, vegetable juice 20%, apple juice 20%, and CaCO30.5% (pH 6.0 before sterilization). Fermentation was carried out for 192 hours at 25°C with agitation at 300 rpm, aeration of 18 liters/minute and continuous feeding of 30 ml/hour water. The growth was monitored by total nucleic acid content. Total nucleic acid was extracted from mycelia by boiling in 0.5 m perchloric acid for 15 minutes and the absorbance at 260 nm of the extract was measured. Production of KS-501 and KS-502 in mycelia was determined by HPLCafter extraction of the compounds from the culture broth as follows. To the culture broth was added the same volume of MeOH. After centrifugal separation, the MeOH extract was adsorbed on a SEP-PAKC18 cartridge (Waters Associates), and the cartridge was washed with 50% MeOHand then eluted with MeOH.The eluate was injected to a Unisil Q C8 column (4.6 x250 mm, 5 [im9 Gasukuro Kogyo Co., Ltd.) and developed at 40°C with 70% acetonitril containing 0.07% TFA at a flow rate of 1.0 ml/minute monitoring absorbance at 254 nm. Detection of KS-501 and KS-502 in isolation procedures was carried out on a TLC plates Silica gel 60 F254 (Merck, Art. No. 5715) developed with CHC13-MeOH-EtOH -water (10 :4 :4 : 2) and visualized under UV-light.
Enzyme Assay Bovine brain CaM-PDEactivity was measured as described in a previous paper9) with indicated concentrations of KS-501 and KS-502. The reaction mixture contained in a final volume of 0.5 ml, imidazole-HCl buffer 80him (pH 6.9), MgSO4 3 mM, dithiothreitol 0.3 mM, NaCl 100 mM, CAMP 1.2 mM, CaCl2 50^m, bovine brain CaM-PDE26 mu/ml and CaM 4 u/ml. The basal activity was determined using a large amount of the enzyme (18.6 mu/ml) to magnify the activity in the presence of 3 mMethylene bis(oxyethylenenitrilo)tetraacetic acid (EGTA) instead of Ca2+/CaM. Bovine heart CaM-PDE activity in the presence of Ca2+/CaMwas assayed at the enzyme concentration of 40 mu/ml. The activity of bovine heart calmodulin-independent cyclic-nucleotide phosphodiesterase (CaM-independent PDE) was determined in the presence of EGTAat enzyme concentration of 25 mu/ml. The assay condition of protein kinase C was described previously50.
Microorganisms and Materials Sporothrix sp. KAC-1985 (FERMBP 1278 was isolated from a fallen leaf collected in Yamakitacho, Ashigarakami-gun, Kanagawa Prefecture, Japan. Bovine brain CaM-PDE and CaM were prepared according to the method of Kakiuchi et a/.10) with some modifications^. Protein kinase C was prepared from rat brain according to the method of Kikkawa et al.11* with some modifications as described in a previous paper9). Bovine heart CaM-PDEand CaM-independent PDE, CAMPand 5'-nucleotidase (Crotalus atrox venom) were purchased from Sigma Chemical Company. All other reagents were commercially available and reagent grade.
Results
Fermentation
Time course of KS-501 and KS-502 production by Sporothrix sp. KAC-1985 in a 30-liter jar fermenter is shown in Fig. 2 . Both compounds were accumulated mainly in mycelia. The amount of KS-502 increased during the logarithmic phase of cell growth, reached maximumafter 3-day cultivation and rapidly decreased with concomitant lysis of cells. The production of KS-501 was initiated in 3-day cultivation and increased even after lysis of cells.
Isolation and Purification of KS-501 and KS-502
For isolation of KS-501 and KS-502, fermentation was terminated in 8 days and in 3 days, re-spectively (Fig. 2) and KS-502were obtained as colorless powder (852 and 794 mg, respectively).
Physico-chemical Properties
Physico-chemical properties of KS-501 and KS-502obtained as colorless powder were summarized in Table 1 . Structures of KS-501 and KS-502 were elucidated to be 1 and 2, respectively ( Fig. 1) , on the basis of physico-chemical analysis and various spectral data. Details of these studies will be described in a separate paper.
Biochemical Properties hibition (IC50) values of KS-501 and KS-502 were 1.8 and 4.3^m, respectively. Table 2 summarizes the effects of KS-501 and KS-502 on various cyclic-nucleotide phosphodiesterase activities. inhibited bovine heart CaM-PDEin the same concentration range as the bovine brain enzyme, whereas KS-501 inhibited the brain enzyme at significantly lower concentration than the heart enzyme. CaM-independent activities of brain CaM-PDE(activity in the presence of EGTA)and bovine heart CaM-independent PDEwere inhibited at higher concentrations of KS-501 and KS-502. Neither of them inhibited protein kinase C at 30^m. These data represent that KS-501 and KS-502 are novel and potent inhibitors of CaM-PDE. KS-501 exhibited weak antimicrobial activity against Enterococcus faecium ATCC10541, Staphylococcus aureus ATCC 6538P, and Bacillus subtilis No. 10707 (MIC 100, 12.5, and 12.5^g/ml, respectively) , and no activity at 100^g/ml against Candida albicans ATCC 10231, Pseudomonas aeruginosa BMHNo. 1, Escherichia coli ATCC26, Proteus vulgaris HX2 ATCC6897, Shigella sonnei ATCC9290, Salmonella typhi ATCC9992, and Klebsiella pneumoniae ATCC10031. KS-502 also exhibited weak antimicrobial activity at 12.5 jug/ml against S. aureus ATCC6538P and B. subtilis No. 10707, and no activity at 100 //g/ml against the others.
Discussion
In this paper, we demonstrate that novel compounds, KS-501 and KS-502, isolated from Sporothrix sp. KAC-1985 are potent inhibitors of Ca2+/CaIVl-dependent phosphodiesterases from bovine brain and heart. Yaginuma et al.12) have recently reported Nodulisporium sp. 3V1522Oproduces phosphodiesterase inhibitors, TPI series of compounds, whose structures are closely related to KS-501 and KS-502. However, it remains uncertain whether those compoundsinhibit Ca2+/CaM-dependentenzymes or not.
KS-501 and KS-502 inhibited
CaM-dependent activities of CaM-PDE's but had low potency against their CaM-independent activities, thereby suggesting that the compounds interacted with CaMto inhibit Ca2+/CaM-dependent enzymes. A variety of compounds have been found to inhibit Ca2+/CaM-dependent enzymes. These compounds include phenothiazines13), naphthalenesulfonamides14), alkaloids15>16), peptides17), antimycotic agents18>19), and others20'20. The structures of KS-501 and KS-502 are quite different from these CaM inhibitors. Furthermore, in contrast with most of these compounds which inhibited another Ca2+-dependent enzyme, protein kinase C, by interacting with phospholipids (an activator of the enzyme), KS-501 and KS-502 had no inhibitory activities on protein kinase C. Although KS-501 and KS-502 resemble each other in structure, they appear to show different biochemical properties. For instance, KS-502 inhibited CaM-PDE's both from brain and from heart in a similar concentration range, whereas KS-501 inhibited the brain enzymewith the IC50 value 8 times lower than the heart enzyme ( Table 2 ). The results suggested that KS-501 differentiated the brain enzyme from the heart enzyme. Precise biochemical properties of these compounds and their inhibition mechanisms of CaM-PDE will be reported in the near future. In conclusion, we found novel and potent inhibitors of CaM-PDE, KS-501 and KS-502, from Sporothrix sp. They will be good tools for studying the function of CaMand CaM-PDE.
